Materials that crystalize in diamond-related lattices, with Si and GaAs as their prime examples, are at the foundation of modern electronics. Simultaneoulsy, the two atomic sites in the unit cell of these crystals form inversion partners which gives rise to relativistic non-equilibrium spin phenomena highly relevant for magnetic memories and other spintronic devices. When the inversion-partner sites are occupied by the same atomic species, electrical current can generate local spin polarization with the same magnitude and opposite sign on the two inversion-partner sites. In CuMnAs, which shares this specific crystal symmetry of the Si lattice, the effect led to the demonstration of electrical switching in an antiferromagnetic memory at room temperature.
1 When the inversion-partner sites are occupied by different atoms, a non-zero global spin-polarization is generated by the applied current which can switch a ferromagnet, as reported at low temperatures in the diluted magnetic semiconductor (Ga,Mn)As. 2 Here we demonstrate the effect of the global current-induced spin polarization in a counterpart crystal-symmetry material NiMnSb which is a member of the broad family of magnetic Heusler compounds. It is an ordered high-temperature ferromagnetic metal whose other favorable characteristics include high spin-polarization and low damping of magnetization dynamics. Our experiments are performed on strained single-crystal epilayers of NiMnSb grown on InGaAs. By performing all-electrical ferromagnetic resonance measurements in microbars patterned along different crystal axes we detect room-temperature spin-orbit torques generated by effective fields of the Dresselhaus symmetry. The measured magnitude and symmetry of the current-induced torques are consistent with our relativistic density-functional theory calculations.
NiMnSb is a magnetic Heusler compound which in bulk has a Curie temperature of 730 K, a nearly 100% spin polarization, a very low Gilbert damping constant ∼ 10 −3 , and which can have tuneable magnetic anisotropies when grown in thin films of varying thicknesses and stoichiometry. 3 For these characteristics, NiMnSb has been utilized in earlier spintronics studies of magneto-transport and spin dynamics effects based on spin angular momentum transfer between carriers and magnetization in magnetic-multilayer devices.
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Recently, the focus of spintronic research has shifted from these essentially non-relativistic angular momentum transfer phenomena to effects which exploit the relativistic transfer be-tween spin and the linear momentum of the electron. The spin-orbit coupling term, which originates is in the Dirac equation, can generate spin polarizations and corresponding effective fields acting on the magnetization in single-layer magnetic systems 2, 6 or in multilayers [7] [8] [9] when driven out of equilibrium by the applied current. 10 The multilayers, typically comprising an interface of a transition metal ferromagnet and a strongly spin-orbit coupled paramagnet, have attracted most of the attention to date. However, the single-layer magnets we focus on in this work have their own merits in the research of current induced spin polarization phenomena. The effects in these systems originate from the symmetries of unit cells of bulk crystals and the understanding and utility of current induced spin polarizations is, therefore, more robust against unintentional disorder and structural imperfections than the spin-orbit coupling phenomena generated within a few atomic planes near the ferromagnet/paramagnet interface.
In Figs. 1a,b we illustrate examples of the relativistic non-equilibrium spin polarizations that occur in the family of diamond-related lattices for the case when the two inversion partner lattice sites of the unit cell are occupied by the same or by different atomic species.
The inverse spin-galvanic effect (also called the Edelstein effect), [11] [12] [13] [14] [15] [16] [17] responsible for these polarization effects, requires the spin-orbit coupling to be combined with inversion asymmetries in the crystal structure. 17 Each of the two atomic lattice sites in the unit cell of the crystals shown in Fig. 1a ,b have inversion asymmetric local environment 18 which allows for the generation of the local current-induced spin polarizations.
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By symmetry, the global polarization vanishes when integrated over the entire unit cell if the two sites are occupied by the same atom since the unit cell has an inversion center (highlighted by a red dot in Fig. 1a ). Only local polarizations of the same magnitude and opposite sign at the two inversion-partner sites remain non-zero in this case. When the sites are occupied by different atoms, the unit cell is globally inversion asymmetric allowing for the generation of a net global spin polarization with a non-zero integral value over the unit cell (see Fig. 1b ). For completeness we point out that in these diamond-related cubic lattices an additional symmetry lowering has to be introduced to allow for the above non-equilibrium polarization effects. For example, in thin films with tetragonal distortion due to a substrate lattice-matching strain, both the local and global spin polarizations acquire a Dresselhaus symmetry with respect to the crystal direction of the applied current, as illustrated in Fig. 1c .
In Tab where R is the longitudinal resistance, φ is the angle between the current and the equilibrium magnetization set by a saturating magnetic field, andR is the longitudinal resistance averaged over φ.
All measurements presented in this work were performed at room temperature using an electromagnet to generate the magnetic field and a rotating stage to set φ. experiments, the amplitude with which the resistance oscillates at resonance due to AMR is therefore given by dAM R ≈ −2C sin(2φ)dφ, where dφ is the small precession amplitude directly proportional to the effective current-induced field. By studying the angle dependence of V dc we can therefore find the symmetry of the effective field driving the precession.
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We note that only bars oriented along the implying that the driving field is linear in current density, as is typical for most mechanisms of current induced torques, including the Oersted field-torque and the spin torques. In Fig. 4a we plot the amplitude of the resonance with respect to the angle φ for the [110] and [110] oriented bars. In both cases the amplitude exhibits a sin(2φ) cos(φ) dependence, The fields represented by the red and black arrows were experimentally obtained.
The fields represented by the light blue arrows were deduced by using h [110] and h [1−10] as an orthogonal basis.
cubic half-Heusler lattice of NiMnSb shares the -43m point-group symmetry with the cubic diamond (zinc-blende) lattices. Under a tetragonal distortion, corresponding e.g. to our lattice-matching growth strain, the symmetry of these crystals reduces to -42m. As seen from Tab. 3 in the Supplementary Information, the current-induced polarization is non-zero in the -42m point group and has the Dresselhaus symmetry, consistent with our experiments.
To obtain a theoretical estimate of the magnitude of the effective field which drives the spin-orbit torque in our NiMnSb film we performed relativistic density-functional-theory (DFT) calculations using two complementary approaches. In one method 25 we base our calculations on the full-potential linearized augmented plane-wave DFT code FLEUR for the description of the electronic structure. The spin-orbit torque is then calculated using the Kubo formalism for the linear response of the torque operator to the electric field. Effects of disorder are approximated by a constant quasiparticle broadening. In another method, 26, 27 the electronic structure is determined in the DFT framework based on the tight-binding lin-ear muffin-tin orbital approach. In the torque calculation, a scattering region is constructed with the desired disorder and connected to semi-infinite perfectly crystalline leads. The non-equilibrium spin polarization that is carried by conduction electrons is obtained from the explicit scattering wave functions using the wave function matching scheme. Thermal disorder is treated in the frozen phonon approximation. More details on these ab initio methods are given in the Supplementary Information.
In both calculations we considered the symmetry-lowering mechanism of the bulk cubic lattice of NiMnSb due to the substrate-matching growth strain. The resulting current- To conclude, we have presented a general framework, based on the complete set of crystallographic point groups, for identifying the potential occurrence and symmetry of current induced spin-orbit fields in globally or locally non-centrosymmetric crystals. While the zincblende lattice of, e.g., GaAs has served as an example of the globally non-centrosymmetric crystals, the diamond lattice of, e.g., Si and Ge has been introduced as an example of crystals with locally non-centrosymmetric lattice sites. We have pointed out that, generally, the former type of inversion-asymmetric lattices is favorable for inducing efficient field-like current induced torques in ferromagnets while the latter type allows for inducing efficient field-like current induced torques in antiferromagnets. Based on these general arguments we have searched for a ferromagnetic crystal in which the spin-orbit torques can be detected at room temperature. We have identified NiMnSb for its globally non-centrosymmetric crystal structure reminiscent of GaAs, for its high ferromagnetic Curie temperature, and a range of 
B. Experimental procedure
A pulse-modulated (at 880 Hz) microwave signal was launched onto a printed circuit board patterned with a coplanar waveguide and then injected into the sample via a bond wire. The rectified voltage, generated at FMR, was separated from the microwave circuit by using a bias tee, amplified with a voltage amplifier and then detected with a lock-in amplifier. All measurements were performed at room temperature. A rotating stage allowed setting the orientation of the bar with respect to the fixed in-plane magnetic field generated by an electro-magnet.
